					
KWARA STATE POLYTHECNIC, ILORIN

MODELING AUTOMATED RAILWAY LEVEL CROSSING SYSTEM 

BY
BEYIOKU TAIWO MICHAEL 
ND/23/MEC/PT/0087




A PROJECT REPORT SUBMITTED TO THE DEPARTMENT OF MECHANICAL ENNGINEERING, INSTITUTE OF TECHNOLOGY IN PARTIAL FULFUILLMENT OF THE REQUIREMENTS FOR THE AWARD OF NATIONAL DIPLOMA(ND), IN MECHNICAL ENGINEERING TECHNOLOGY.
ILORIN, NIGERIA.

AUGUST, 2025







CERTIFICATION
The undersigned certify that this project report titled MODELING AUTOMATED RAILWAY LEVEL CROSSING SYSTEM was prepared by BEYIOKU TAIWO MICHAEL with matriculation number ND/23/MEC/PT/0087 meets the requirement for the award of National Diploma (ND) in the department of Mechanical Engineering, Kwara State Polytechnic, Ilorin, and was approved for its contribution to knowledge and literacy presentation.   


                                                                    
Engr. Nuhu Abdullahi 						    Date	
Project Supervisor 


                                               
Engr. Issa Abdulganiyu 						    Date
Project Coordinator 



                                                   
Engr. Ayantola Abdulwaheed A. 	 			    Date	
Head of Department 


                                                         
        Engr. Durotoye Joshua Adedapomola				   Date			
External Examiner 



DEDICATION

This project is fully dedicated to the Almighty God, the Creator and sustainer of all things, for his countless mercy and protection over us.
Also, it is dedicated to my parents, brother and sisters for their support both morally and financially toward the completion of this project.
May Almighty God continues bless them abundantly, Amen. 
						












					




ACKNOWLEDGEMENT 
First and foremost, my gratitude goes to God Almighty, who has been so merciful and generous in my life.
I am highly indebted to my parents MR & MRS BEYIOKU who have vowed to leave no stone unturned in their quest to give me formal education. May God bless them.
Last but not the least, when a tedious job has been done, one has to refer back and think who and who contributed towards the success of the job. As a matter of fact, I must acknowledge my debt of gratitude to my project supervisor, Engr. Nuhu Abdullahi without whose diligent guidance and advice this study would not have seen the light of the day.
I also wish to place on record the invaluable help and commitment rendered by my siblings, friends and well-wishers for the moral and financial support given to me throughout the course of my study.
My sincere thanks go to all those who have assisted me in one way or the other during the collection of materials and data necessary for the research work who in spite of their crowded responsibilities still had time to provide me with a good number of relevant materials for this work.
My prayer is that God will reward those that contributed immensely for me towards this project directly or indirectly.


TABLE OF CONTENTS 
Title Page											i
Certification											ii
Dedication											iii
Acknowledgment										iv
Table of Content										v
CHAPTER ONE: INTRODUCTION 
1.1. Background of the Study 								1
1.2. Aims and Objectives 									2
1.3. Problem Statement 									2
1.4. Justification of the Study 								3
1.5. Scope of the Study 									3
CHAPTER TWO: LITERATURE REVIEW 
2.1. Overview of Railway Level Crossing System 						6
2.1.1. Evolution of Level Crossings 								6
2.1.2. Types of Railway Level Crossing System 						7
2.1.3. Components of Railway Level Crossing System 					9
2.1.4. Benefits of Railway Level Crossing System 						11
2.1.5. Challenges and Limitations 								13
2.2. Automation and Sensor Based System 							14
2.3. Microcontroller-based System 								15
2.4. Integration of Traffic Signals and Safety Features 					15
2.5. Gaps in Existing Research 								16
2.6. Summary of Literature Insights on Railway Level Crossing System 			17
CHAPTER THREE: METHODOLOGY 
3.1. Preamble											20
3.2. Materials and their Sources in Ilorin 							20
3.3. Research Procedure 									21
CHAPTER FOUR: RESULTS AND DISCUSSION
4.1. Summary of Key Functional Results 							29
4.2. System Operation Breakdown								30
4.3. Achievement of Objectives 								31
4.4. Observations and Limitations 								31
4.5. Recommendations for Enhancement 							31
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 
5.1. Conclusions 										32
5.2. Recommendations 									32
References 											33

		
i

CHAPTER ONE

INTRODUCTION 
1.1. Background of the Study 
The Automated Railway Level Crossing System is a critical project aimed at enhancing safety and efficiency at railway crossings thereby reducing accidents at these intersections. Level crossings pose a significant risk to both trains and road users, and automated systems aim to minimize accidents through improved detection, warning, and barrier management. 
The Historical backdrop of railway road crossing level relies upon the area; however, early railway road crossings had a flagman in a nearby booth who would, on the approach of a train, wave a red flag or a lantern to stop all traffic using the road and clear the tracks at the respective intersections (Al-Zuhairi, 2013).
Traditionally, many railway crossings have relied on manual operations, such as gates controlled by attendants or warning signals managed by train operators. These systems are often prone to human error, mechanical failure, and delays in communication. As a result, accidents at level crossings have remained a persistent issue in many countries, including India, Nigeria, and parts of Southeast Asia (World Bank, 2019; Akinyemi & Uko, 2018).
Gated crossings became commonplace in many areas, as they protected the railway from people trespassing and livestock, and they protected the users of the crossing when closed by the signalman/gateman. In the second quarter of the twentieth century, manual or electrical closable gates that blocked the roadway began to be implemented, with the goal of providing a full barrier against any road traffic entering the railway (Al-Zuhairi, 2013). 
The advent of automation technology has opened up new possibilities for improving safety and efficiency at railway level crossings. Automated Railway Level Crossing Systems utilize advanced sensors, automation, and real-time monitoring to detect approaching trains and control gates and signals. These systems have the potential to significantly reduce the risk of accidents and enhance overall safety.
There had been a significant decrease in the number of railway accidents since the introduction of automated gated systems at the level crossings. As a result, more researchers have been enthused to explore more on system designs that will lower the numbers (Adha et al., 2018).
Automated Railway Level Crossing Systems (ARLCS) present a promising solution to reduce these incidents by integrating sensors, microcontrollers, Internet of Things (IoT) devices, and communication modules to detect approaching trains and manage the crossing gates autonomously. These systems are designed to provide real-time responses, improve reliability, and minimize human dependency. For instance, ultrasonic or infrared sensors can detect train movement, while microcontrollers like Arduino or Raspberry Pi can process inputs to actuate barriers and trigger warning signals (Patil et al., 2016; Kumar & Ravikumar, 2018).
Furthermore, smart technologies enable remote monitoring and data logging, allowing railway authorities to assess operational performance and safety metrics. Such automation aligns with the goals of intelligent transportation systems (ITS) and smart cities, where technology is employed to enhance infrastructure efficiency and public safety (Zhang et al., 2020).
This study aims to explore the design, implementation, and benefits of Automated Railway Level Crossing Systems. By examining the technical and operational aspects of these systems, this study seeks to contribute to the development of safer and more efficient railway infrastructure.

1.2. Aims and Objectives 
The main aim of modeling an automated railway level crossing system is to ensure the safe, efficient and reliable operations of road-rail intersections by automating the control of barriers, signal and sensors upon detecting arrival or departure of the train. 
The objectives of this study are:
· Simulate an automated level barrier crossing system using Arduino.
· Detect approaching and departing trains using ultrasonic sensors.
· Automatically operate barrier gates and traffic signals. 
· Improve railway crossing safety and reduce human error. 

1.3. Problem Statement 
Railway level crossings have long been identified as one of the most dangerous points in rail and road networks, particularly in countries like Nigeria where manual or semi-automated systems are still widely used. These crossings are often manned by personnel who control the gates and signals based on visual observation or predetermined schedules. Unfortunately, this method is highly susceptible to human error, fatigue, negligence and slow reaction times, all of which have led to frequent and sometimes fatal accidents at railway intersections. 
The increasing number of vehicles and pedestrians using roadways that intersect with railway tracks exacerbates the risk of collision when there is a failure to properly secure the crossing. In many rural and urban areas, level crossings lack basic signaling devices or safety barriers, leaving road users unaware of oncoming trains until it is too late. Moreover, relying solely on manual labour to control these intersections is no longer sustainable, given the need for efficiency, consistency and real-time response in modern transport systems. 
Despite global advancements in intelligent transport systems and automation, the application of such technologies in managing level crossings remain limited in developing regions. There is a pressing need for a cost-effective, reliable and easily deplorable solution that can automatically detect an approaching train and activate safety mechanism without the need for constant human supervision.

1.4. Justification of the Study 
The study of modeling an automated railway level crossing system is justified by the urgent need to enhance safety, efficiency, and reliability at railway-road intersections while contributing to technological advancements. 

1.5. Scope of the Study 
The study of an automated railway level crossing system encompasses various aspects, including the development and implementation of technologies to ensure safe and efficient crossing of roads and railways. This includes sensor technologies for train detection, automated barriers and signals, and communication systems for coordination.

CHAPTER TWO

LITERATURE REVIEW
Automated Railway Level Crossing Systems are critical components of modern railway infrastructure, designed to enhance safety and efficiency at railway-road intersections. These systems utilize advanced technologies, such as sensors, cameras, and communication systems, to detect approaching trains and control gates and warning signals.
ANIL M.D. ET. AL (2014) conducted a study titled “Advanced Railway accident prevention and controlling System Using Sensor Networks” in which he Talks about the increasing railway traffic mass across the world and in such circumstances how to manage. The system uses components that are IR sensors, fire sensors, Zigbee technology and embedded systems which also prevents accidents as well as control track management. When the train arrival is at a distinctive side then transmitter IR sensors create their suitable hint and then at the equal time the receiver IR sensor receives their signal and makes railway into stopping position. 
M KIRUTHIGA. ET. AL (2014) study on "Wireless communication system for railway signal automation at unmanned level". He analyses the accidents at unmanned level crossing and collision of trains running on same track where the accidents are more in railway. Such mishap causes heavy human causality and damage to Train therefore he proposed to develop full proof system to avoid such accidents. Automatic termination of unmanned gate reduces the time for which the gate is being kept closed and provides safety to the road users by reducing accidents. 
RAHUAL JAISWAL (2016), “Automatic Railway Gate Control System”: IJECS Volume 05 Issue 5 May 2016, this paper proposed a system where it deals with two things. He talks about the reduction of time for which the gate is being kept closed and then, to provide safety to the road users by reducing the accidents. It has combined the IR sensors and transmitters with the Servo motor components giving a reliable and safe circuit with more accuracy in locations.
KOTTALIL.ET AL. (2014) developed an automated railway gate at level crossings substituting the conventional gates maintained and operated by the gate controller. The system work through microcontroller. The sensors being used here is also IR sensors. Train arrival and departure as well as gate controlling operation is monitored automatically. KARTHIK KRISHNAMURTHY MONICA BOBBY, ET.AL (2015) he studied on and about the “Sensors based automatic railway gate”. This paper helps to deploy a system that automates gate operation at level of crossings using microcontroller and detect collisions at the level of crossing the components which is used for the automates of railway gate are sensors that is infrared sensors. An IR sensor detects radiation to detect movement in an environment. This paper concluded that automatic railway gate control system is pointed on the idea of deducting human involvement for closing as well as opening of the railway gates which avoids automobiles and humans from crossing railway tracks. Hence, automating the gate can bring about a ring of surety to controlling the gate.
BALAMURUGAN .ET. AL (2017) developed an automated railway gate controlling mechanism at the level crossings. Automated railway gate controlling is based on 8051 microcontroller and designed about operations on level crossings in the country as well as in the world. ACCORDING TO GOPINATHAA.ET AL. (2014) in developing countries, disasters in the unguarded railway gate level crossing rising rapidly. The authors introduced a PLC based railway level crossing gates control using PLC, stepper Motors, vibration sensors and signal lights. The huge time required for manual gate opening and closing mechanism is saved while assuring safety to road users by diminishing the accidents.
Krishnapriya K B1 , Sreelakshmi K U 2 , Vivek John(International Journal of Innovative Research in Science, Engineering and Technology (An International Organization for Standardization 3297: 2007 Certified Organization) Vol. 5, Issue 9, September 2016) describes the paper “Railway Level Crossing Gate Control & Measurement System for Railway Track Condition Monitoring “At present people choose various modes of transportation such as by buses, flights, motor cycles, cycle, car, train etc. Out of this majority depend upon railway; people use this because they always seek for the service with more comfort with cheaper rates. As a demand for travel by trains increases, railway sector has followed a lot of safety standards in order to ensure lives of travelers any problems in the same have the capacity to induce major damage to the economy factor. In spite of this safety measures followed by people, everyone could see a lot of accidents took happened in this sector; knowingly or unknowingly it may take away lives of many ones. The occurrences of these accidents are mainly because of defects of rails. Now railways are performing various fault detection by means of manual inspection by human beings, so it will be better if go for an advanced system where Railway track damage status is monitored transfer related information through wireless modules. Because majority of railway accident prime reason is fault within the track such as occurrence of crack etc. As there need to ensure safety at all related aspects, unmanned railway crossing also need to be taken to account. This problem can be solved by introducing a fully automated system controlling railway level crossing gate more effectively. 
Pranav Sharma, Rajesh Kumar, Sarika (Journal of Network Communi and Emerging Technologies (JNCET) Volume 5, Special Issue 2, December (2015)) describes “Automatic Railway Gate Control System Based on RFID, pressure sensor and servo motor” 
The railway accidents at crossing level are increasing day by day due to unman railway crossings. This paper presents an automatic control gate system to prevent rail accidents. Pressure sensor, RFID card, Servo motor is used to control the open and close status of the railway crossing gate. In this paper we propose a model where pressure sensor is placed on the railway tracks, RFID tag on the engine and the open and close status of the gate is controlled with the help electric device called servo motor.

2.1. Overview of Railway Level Crossing System 
A railway level crossing system is a point where a railway line and a road or pedestrian path intersect at the same level, rather than using an overpass or underpass. These crossings are critical interfaces between rail and road transport networks, and they play a significant role in ensuring the safety of vehicles, pedestrians, and trains.
Railway level crossings have a history dating back to the 19th century when railways first emerged. Initially, level crossings were manually operated by gatekeepers who would close gates or barriers to stop road traffic when a train was approaching. These early crossings were often protected by signs warning road users to "Stop, Look, and Listen".

2.1.1. Evolution of Level Crossings
In the early days manual gates were used, requiring gatekeepers to physically close and open gates for trains and road traffic.
In the 1950s, lifting barriers were introduced to reduce delays for road users, but these still required manual operation.
In 1956, a party of civil servants and railway men visited Europe to explore automating level crossings, leading to an Act of Parliament in 1957 authorizing automatic barriers.
In 1961, the first automatic level crossing in Britain was installed at Spath in Staffordshire, marking a significant milestone in level crossing automation.
1970s-1980s: Automatic half-barriers (AHBs) were introduced, reducing the need for manual intervention and improving safety.
1990s-2000s: Full barriers and advanced warning systems, such as flashing lights and audible alarms, became more widespread.
2010s-present: Intelligent Transportation Systems (ITS) and automation technologies have been integrated into level crossings, enabling real-time monitoring and prediction of train movements.

2.2.2. Types of Railway Level Crossings 
Railway level crossings can be classified into several types based on their design, functionality, and safety features:

ACTIVE CROSSINGS:
An active level crossing includes automated or manually operated systems that provide real-time warnings to road users when a train is approaching. These crossings actively engage visual and/or audio signals and physical barriers to prevent entry.
These crossings give warning of a train's approach to vehicle users and pedestrians and are comprised of manual and automatic crossings.
· Manual Crossings
Manually controlled gate (MCG)
These gated crossings are normally open to road traffic. A signaler or crossing keeper manually closes the gates across the full width of the road before a signal can be set to allow a train to pass over the crossing (the 'protecting signal'). Usually found where rail and road traffic are low.
Manually controlled barriers (MCB)
As above, full road width barriers are closed by a signaler or crossing keeper before the protecting signal can be cleared. There are usually road traffic signals (lights) and an audible warning.
These crossings may also be operated remotely by a signaler who monitors the crossing using CCTV.
· Automatic Crossings
Automatic Half-Barrier (AHB)
These barriers are operated automatically by an approaching train (the train passes over a treadle at the 'strike-in point' some distance before the crossing which triggers the warning and closure sequence). These crossings have barriers that only cover the nearside of the road; this ensures the crossing exit is clear if the closing sequence starts when a vehicle is on the crossing. Road traffic signals and audible warnings are used. Telephones are provided to call the signaler in case of emergency.
An AHB crossing is only installed where the maximum train speed is no greater than 100mph. Trains should arrive at the crossing in not less than 27 seconds after the amber lights of the road traffic signals first show.

Automatic Barrier Crossing Locally Monitored (ABCL)
To the road user these seem identical to the AHB. The key difference is that train drivers must ensure the crossing is clear before passing over it (see AOCL below). As a consequence, maximum train speed over a ABCL is 55mph.

Automatic Open Crossing Remotely Monitored
As AOCL except the train driver does not monitor the crossing. Only one of these crossings is still in use on Network Rail - Rosanne in Scotland. Conversions to AOCL or ABCL took place following recommendations in the Stott report after the multiple fatality at Lockington crossing in 1986.

User Worked Crossing protected by Minature Warning Lights (UWC-MWL)
Protected by gates or full barriers, the user has to operate these before crossing. Red and green warning lights, automatically operating by approaching trains, let users know if it is safe to cross. Lights are installed where the warning time of a train approach is less than the user's crossing time.

PASSIVE CROSSINGS:
A passive level crossing is a type of railway-road intersection without any active warning systems like flashing lights, alarms, or barriers. These crossings do not respond to approaching trains and rely entirely on the attention and caution of road users.
This type of crossing is also divided into:


User Worked Crossings (UWC)
These crossings are found where private roads cross the railway, for example access to housing, industry or fields. Gates (or sometimes barriers) have to be operated by the user. It is the user's responsibility to ensure that it is safe to cross.

User Worked Crossing with Telephone (UWC-T)
As with UWCs above only a telephone is provided. The user must contact the signaler for permission to cross with vehicles or animals. Such crossings are suitable in locations where visibility of oncoming trains is limited.

Open Crossings (OC)
These are crossings with no gates or barriers and no warning of approaching trains, Road users and pedestrians must give way to trains. Such crossings have a maximum train crossing speed of 10mph. In some instances, the train must stop before the crossing to check that it is clear before proceeding. There should be only one rail line over the crossing.

Footpath crossings (FC)
Pedestrian crossings with stiles or wicker gates to restrict access. The pedestrian is responsible for making sure that it is safe to cross. Where visibility of oncoming trains is limited, train drivers may be instructed to sound the train's whistle to warn of their approach (a trackside board instructs the driver to do this).

2.1.3. Components of Railway Level Crossing System 
SENSORS AND DETECTORS 
Responsible for detecting the presence and movement of trains approaching the crossing.
· Track Circuits: Electrical circuits installed along the track to detect trains.
· Radar / LIDAR Sensor: Used for more precise detection, especially in modern systems.
· GPS / Communication-based Detection: In advanced systems, train position is tracked using GPS and wireless communication.
· Axle Counters: These devices count the axles of a train as it passes over them, providing a reliable way to detect train presence. 
· Inductive Loop Detectors: These are embedded in the road surface and detect the presence of vehicles approaching the crossing. 
· RFID Sensors: Used in some systems to detect and identify approaching vehicles. 
· Ultrasonic Sensors: Used to detect vehicles that may be stuck on the tracks. 
· Infrared Sensors: Used in some systems to detect the presence of trains or vehicles. 
· Magnetic Sensors: Detect changes in magnetic fields caused by approaching trains. 

GATE CONTROL SYSTEMS 
Controls the physical closure of the road to prevent vehicle and pedestrian entry.
· Boom Barriers: Electrically or hydraulically operated arms that lower to block the road.
· Swing Gates: Less common, these physically swing closed.
· Pedestrian Gates: Separate smaller gates for foot traffic, often with interlocks.
· Gate position detection: Sensors detect the position of the gates to ensure they are fully closed or open.
· Gate control logic: Determines when to close or open the gates based on sensor data and train schedules.

WARNING SYSTEMS 
Alert road users of an approaching train before the barriers come down.
· LED Display Panels: Provide text warnings or countdown timers.
· Flashing Lights: These are typically red and flash when a train is approaching, alerting road users to stop.
· Audible Alarms (Bells/Buzzers): These provide an additional warning to road users, especially those who may not be paying attention to the lights.
· Barriers/Gates: These physical barriers lower to block road traffic when a train is approaching, preventing vehicles from crossing the tracks.
· Standing Red Man Signals: Used at pedestrian crossings, these provide the same visual warning to pedestrians as the flashing lights for vehicles.
· Another Train Coming Lamp: Used to alert users of a level crossing of the imminent arrival of another train.
· Miniature Stop Lights (MSL): Used in rural pedestrian crossings to give early warnings of approaching trains. 

COMMUNICATION SYSTEMS 
Enables communication between the train, control center, and crossing system.
· Wireless communication: Enables real-time communication between the crossing system and other stakeholders.
· Fiber optic communication: Provides high-speed data transmission between system components.
· Cellular network integration: Enables remote monitoring and alerts via cellular networks, in case of faults or unusual conditions.

INTEGRATION AND CONTROL SYSTEMS 
The logic and control unit that manages input from detection systems and triggers the appropriate responses.
· Programmable Logic Controller (PLC): Executes logic for gate operation, alarms, and interlocks.
· SCADA Integration: In larger rail networks, systems may be integrated into a Supervisory Control and Data Acquisition system.
· Microcontroller Units (e.g., Arduino, ESP32): These are the "brains" of the system, processing information from sensors and controlling the warning devices and barriers.
· Web-based Central Control System: Some systems use web-based platforms for monitoring and control, allowing for remote management and data analysis.
· Global System for Mobile (GSM) Communication: GSM is used for communication between different components of the system or with a central control center. 

2.1.4. Benefits of Railway Level Crossing Systems 
A railway level crossing system provides numerous advantages that contribute to transportation safety, operational efficiency, and cost-effectiveness. These systems are critical components of rail infrastructure, especially in areas where full grade separation is impractical. The benefits can be outlined as follows:
· Enhanced Safety
A primary benefit of railway level crossing systems is their ability to significantly enhance safety by reducing the risk of collisions between trains and road users. Through automated barriers, flashing lights, audible alarms, and sensor-based detection, these systems provide timely warnings and physical protection, thereby minimizing accidents and human error.
· Improved Traffic Flow and Efficiency
By regulating vehicular and pedestrian movement during train passage, level crossings help to manage road traffic more effectively. Automated systems can reduce waiting times and congestion by operating precisely in sync with train schedules, ensuring smoother traffic flow around the crossing area.
· Cost-Effectiveness
Compared to the high costs associated with constructing overpasses or underpasses, level crossings offer a more economical solution. They require fewer materials, less labor, and shorter construction time, making them especially suitable for areas with limited infrastructure budgets.
· Suitability for Urban and Rural Areas
Railway level crossings are adaptable to various geographic contexts. In rural and remote areas, where train frequency is lower and funding is often limited, these systems serve as practical and reliable solutions for safe train-road intersection management.
· Technological Integration and Automation
Modern railway level crossing systems incorporate advanced technologies such as infrared sensors, surveillance cameras, communication modules, and real-time monitoring systems. These technologies improve operational reliability, enable predictive maintenance, and provide data for infrastructure planning and safety analysis.
· Environmental and Spatial Efficiency
Level crossings have a relatively small environmental footprint compared to grade-separated alternatives. Their installation requires less land and causes minimal disruption to the surrounding environment, making them a more sustainable option for many locations.
· Data Collection and Smart Infrastructure Support
Integrated systems allow for the collection of real-time data related to train movements, crossing usage, and system performance. This information supports analytics-driven maintenance, enhances fault detection, and facilitates smarter planning for future railway and road network improvements.

2.1.5. Challenges and Limitations 
Railway level crossing systems, though essential for ensuring the safe interaction between rail and road traffic, face a number of challenges and inherent limitations that affect their reliability, safety, and efficiency. These issues are particularly pronounced in regions with outdated infrastructure, high urban density, or limited funding.
The key challenges and limitations are outlined below:
· Human Behavior and Non-Compliance
One of the most significant challenges is the unpredictable behavior of road users, who often ignore warning signs, bypass barriers, or misjudge the time it takes for a train to arrive. This human factor contributes heavily to accidents at level crossings, particularly at unguarded or passive crossings where there is no physical barrier. Despite advancements in automation and signaling, user compliance remains a critical limitation to overall system safety.
· Equipment Reliability and Environmental Constraints
Many level crossing systems rely on mechanical and electronic components—such as sensors, alarms, and barriers—that are susceptible to failure due to harsh environmental conditions like rain, fog, extreme temperatures, or dust. These environmental factors can degrade performance, delay responses, or even cause total system failure, limiting their effectiveness in certain geographic regions.
· High Maintenance Requirements
Although level crossings are generally more affordable than grade-separated alternatives, automated systems still require regular maintenance, calibration, and inspection to remain operational. In rural or underfunded areas, maintaining these systems consistently poses a logistical and financial challenge, especially when spare parts or technical expertise are scarce.
· Limited Technological Integration
In many places, railway level crossing systems are not well-integrated with broader urban traffic management systems. This isolation leads to poor coordination with traffic lights and can result in unnecessary delays, traffic build-up, or unsafe road-user behavior. This limitation is especially problematic in high-density urban environments.
· Lack of System Interoperability
Many level crossing systems operate as standalone units, disconnected from larger railway signaling and urban traffic networks. This lack of interoperability results in poor coordination, data silos, and inefficiencies, especially in cities where railways intersect complex road networks.
· Power Supply Instability
Automated level crossing systems require stable and uninterrupted power. In areas prone to power outages or lacking grid infrastructure, frequent service interruptions occur. Though solar-powered systems offer a solution, they are limited by energy storage capacity and susceptibility to weather-related inefficiencies.
· Scalability and Upgradability Constraints
Many legacy systems were not designed with modularity in mind. As a result, upgrading to modern standards or integrating new technologies such as AI-based video analytics or edge computing becomes technically difficult and expensive.

2.2. Automation and Sensor-based System 
Automation and Sensor-based systems are employed to enhance the efficiency, reliability, and safety of a railway level crossing. Traditionally, level crossings have been manually operated or dependent on fixed timers, which can be prone to human error or inefficient timing. By integrating sensors and automation, the system becomes capable of real-time detection and intelligent decision-making.
Sensors such as infrared, ultrasonic, or inductive proximity detectors are installed along the railway track to detect the presence and speed of an approaching train. Once a train is detected within a predefined range, the sensor data is sent to a microcontroller or embedded system that processes the input and automatically triggers the lowering of gates and activation of warning signals (lights and sirens). After the train safely passes, the sensors again confirm its departure, and the system lifts the gates accordingly.
This automation minimizes the need for human intervention, reduces reaction time, and improves safety for both road users and train operations. It also supports scalability for integration with IoT or central monitoring systems, making it a viable solution for modernizing transportation infrastructure.

2.3. Microcontroller-based Control System 
A Microcontroller-based Control System forms the core of the automation process for managing the railway level crossing. The microcontroller acts as the central processing unit that receives input from various sensors installed along the railway track and road intersection, processes that data, and then executes the appropriate control actions.
For example, when a train approaches, track-side sensors (such as IR or ultrasonic sensors) detect its presence and send signals to the microcontroller. The microcontroller is programmed to interpret this input and initiate a sequence of operations: activating warning lights and buzzers, lowering the gates, and continuously monitoring the train’s movement until it clears the crossing. Once the sensors confirm that the train has passed, the microcontroller executes the gate-lifting sequence and deactivates the warnings.
The use of a microcontroller allows for:
· Real-time control of events with minimal latency
· Programmable logic, which can be customized to different railway schedules or safety protocols
· Integration with additional features such as GSM modules for alerts, data logging, or even remote monitoring via IoT

2.4. Integration of Traffic Signals and Safety Features 
The integration of traffic signals and safety features is a vital component of an automated railway level crossing system. It ensures that road users are effectively warned and managed during train movements, reducing the risk of accidents and improving overall system reliability.
Traffic signals, such as red and green lights, are synchronized with the operation of the railway gates. When a train is detected by the system's sensors, the microcontroller activates a red signal for road traffic, alerting drivers to stop. Simultaneously, audio warnings such as buzzers or alarms are triggered to enhance visibility and awareness, especially during poor weather or nighttime conditions. Once the train has passed and it is safe to cross, the system switches the light to green and lifts the gates, allowing traffic to resume.
In addition to signals, the project incorporates safety features such as:
· Flashing LED warning lights positioned well before the crossing
· Audible alarms that sound before and during gate operation
· Obstacle detection sensors near the gate path to detect vehicles or pedestrians that may be trapped
· Emergency stop mechanisms that allow manual override in the event of system failure
These features work in coordination with the sensor-based detection and microcontroller logic to form a comprehensive safety protocol. Their integration ensures not just automated control but intelligent and responsive safety management tailored to real-world conditions.

2.5. Gaps in Existing Research 
Despite significant advancements in railway level crossing automation, several critical gaps remain in the existing body of research and practical implementations:
· Limited Sensor Integration
Many existing systems focus on basic obstacle or train detection using a single type of sensor. However, research lacks comprehensive integration of multiple sensor types (e.g., IR, ultrasonic, LIDAR) for redundancy and improved accuracy under diverse environmental conditions.
· Inadequate Real-Time Response and Adaptability
Some systems rely on fixed timers or delayed actuation, which may not respond effectively to real-time scenarios such as varying train speeds or unexpected obstacles. There is a gap in developing adaptive control algorithms that can respond dynamically to such variables.
· Lack of Smart Communication and IoT Integration
Few studies explore the use of Internet of Things (IoT) technologies for remote monitoring, predictive maintenance, and data analytics. Integrating IoT can significantly enhance system efficiency, yet this area remains underexplored in many research efforts.
· Insufficient Focus on Safety Redundancy
While safety is a stated objective in most systems, there is often little discussion on redundancy mechanisms—such as fail-safe responses, power backups, or emergency manual override systems—to ensure continued operation during component failure.
· Neglect of Human Factors and User Awareness
Existing research tends to focus heavily on technical components while overlooking user behavior, awareness, and compliance with automated systems. Little has been done to study how design choices (like signal placement or alarm types) impact driver and pedestrian responses.

· Limited Testing in Diverse Environments
Most systems are developed and tested in controlled or ideal environments, which may not account for rural locations, extreme weather, or high-traffic urban crossings. This limits the scalability and generalizability of the solutions.

2.6. Summary of Literature Insights on Railway Level Crossing System 
Table 2.1. List of Literature Insights 
	Author(s) & Year
	Focus/Contribution
	Technologies used
	Key Insights 
	Identified Gaps 

	Anil M.D. et al. (2014)
	Accident prevention and track management using sensors 
	IR sensors, Fire sensors, ZigBee, Embedded system
	Focus on preventing train collisions using sensor networks
	Lacks real-time communication with central system; no redundancy or environmental robustness

	Kiruthiga et al. (2014)
	Wireless communication system for unmanned crossings
	Wireless modules, Microcontroller
	Automated signal termination to reduce gate downtime
	Lacks sensor diversity; no adaptive logic; untested in field conditions

	Rahual Jaiswal (2016)
	Simple automatic gate control
	IR sensors, Servo motors
	Reduces time gate stays closed and improves safety
	Relies only on IR sensors; no fail-safe or emergency override; lacks integration

	Kottalil et al. (2014)
	Microcontroller-based gate automation
	IR sensors, Microcontroller
	Automated gate operation with IR-based detection
	IR limitation in fog/rain; lacks connectivity with train signals or traffic systems

	Karthik Krishnamurthy et al. (2015)
	IR sensor-based automated gate control
	IR sensors, Microcontroller
	Minimizes human intervention in gate operations
	Does not use GSM, GPS, or cloud; lacks simulation results; no error detection

	Balamurugan et al. (2017)
	Gate control using 8051 microcontroller
	IR sensors, 8051 MCU
	Cost-effective basic control mechanism
	Outdated microcontroller; no multi-sensor support; lacks scalability

	Gopinatha et al. (2014)
	PLC-based control of crossing gate
	PLC, Stepper motors, Vibration sensors
	Reduces manual control time, uses industrial hardware
	High cost; lacks flexibility for upgrades; no predictive maintenance features

	Krishnapriya K.B. et al. (2016)
	Gate control & track damage detection
	Wireless modules, Sensors
	Proposes integration of gate automation with track condition monitoring
	Limited detail on communication protocols and system backup; no AI for fault prediction

	Pranav Sharma et al. (2015)
	RFID and pressure sensor for train detection
	RFID, Pressure sensors, Servo motor
	Adds intelligence to train detection using RFID-tagged engines
	RFID tag reliability not addressed; lacks remote monitoring or IoT integration



Common Technologies Identified
· Sensors: IR, pressure, fire, vibration, ultrasonic
· Controllers: Microcontroller (8051, Arduino), PLC
· Actuators: Servo motors, stepper motors
· Communication: Zigbee, GSM, RFID, wireless modules
Key Gaps Identified Across Studies
· Limited multi-sensor integration
· Lack of IoT-based monitoring and predictive maintenance
· Inconsistent focus on real-time adaptability
· Minimal safety redundancy features
· Little attention to user behavior and compliance
· Limited scalability and environmental testing


CHAPTER THREE 

METHODOLOGY 
3.1. Preamble
This research project was designed and implemented in two phases: hardware development and system simulation. The methodology includes sourcing components locally in Ilorin, Kwara State, Nigeria, assembling the circuit, programming the Arduino, and testing the system in a simulated environment.

3.2 Materials and Their Sources in Ilorin
Table 3.1 List of Materials and their sources 
	Component
	Specifications 
	Source in Ilorin 

	Arduino Uno
	ATmega328P microcontroller board
	Kwaratech Electronics, TANKE junction. 

	Ultrasonic Sensors (2x)
	HC-SR04, range: 2cm – 400cm
	JKK Electronics, Challenge Bookshop Complex

	Servo Motors (2x)
	SG90 Micro Servo
	TechCity Hub, Unity Road

	LEDs (Red & Green)
	5mm, 2V
	Ilorin Electronics Market, Taiwo Isale

	Buzzer
	5V Piezoelectric Buzzer
	Just Electronics, GRA Junction

	Jumper Wires
	Male-to-Male, Male-to-Female
	Unity Road Market

	Breadboard
	830-point
	Kwaratech Electronics, Tanke Junction

	Resistors
	220Ω, 330Ω
	JKK Electronics

	Power Supply
	9V Battery or 5V USB Adapter
	TechCity Hub or Spar Mall

	Laptop with Arduino IDE
	For programming and simulation
	University of Ilorin ICT Lab / Personal Laptop



3.3 Research Procedure
Step 1: Component Acquisition
Electronic components were identified based on compatibility with Arduino. Vendors across Ilorin (Tanke, Taiwo, Unity Road) provided reliable access to affordable and tested hardware.
Step 2: Circuit Design and Assembly
i. A schematic was drawn with Arduino Uno as the main controller.
ii. The entry ultrasonic sensor was placed before the crossing, and the exit sensor after it, to detect train approach and departure.
iii. Two servo motors controlled mock barrier gates.
iv. LEDs represented traffic lights (Red and Green).
v. A buzzer provided audible warnings.
All connections were made on a breadboard using jumper wires, with current-limiting resistors for the LEDs.
Step 3: Arduino Programming (C/C++)
i. Programming was done using Arduino IDE in C/C++ language. The logic flow followed:
ii. When the entry sensor detects a train (distance < 30 cm):
iii. Buzzer is activated.
iv. Red light turns ON.
v. Servo motor lowers the gate.
vi. When the exit sensor detects the train has left:
vii. Buzzer turns OFF.
viii. Green light turns ON.
ix. Servo motor raises the gate.
Sample Code Snippet:
#include <Servo.h>
Servo gate;
const int triggerPin = 9;
const int echoPin = 10;
const int redLed = 6;
const int greenLed = 7;
const int buzzer = 5;
void setup() {
  pinMode(triggerPin, OUTPUT);
  pinMode(echoPin, INPUT);
  pinMode(redLed, OUTPUT);
  pinMode(greenLed, OUTPUT);
  pinMode(buzzer, OUTPUT);
  gate.attach(3); // Servo connected to pin 3
  Serial.begin(9600);
}
void loop() {
  long duration;
  int distance;
  digitalWrite(triggerPin, LOW);
  delayMicroseconds(2);
  digitalWrite(triggerPin, HIGH);
  delayMicroseconds(10);
  digitalWrite(triggerPin, LOW);
  duration = pulseIn(echoPin, HIGH);
  distance = duration * 0.034 / 2;
  if (distance < 30) {
    digitalWrite(redLed, HIGH);
    digitalWrite(greenLed, LOW);
    digitalWrite(buzzer, HIGH);
    gate.write(0); // Close gate
  } else {
    digitalWrite(redLed, LOW);
    digitalWrite(greenLed, HIGH);
    digitalWrite(buzzer, LOW);
    gate.write(90); // Open gate
  }
  delay(100);}
Step 4: System Testing and Calibration
i. Sensors were tested for accurate readings under different object distances.
ii. Trigger distances were calibrated to detect model trains at 20–30 cm.
iii. The servo motor’s closed and open angles were set to 0° and 90°, respectively.
iv. The buzzer’s timing was adjusted to avoid unnecessary noise post-departure.
Step 5: Simulation on Tinker cad
i. Autodesk Tinker cad was used to simulate the entire circuit virtually.
ii. Components were placed in a simulated environment.
iii. The same Arduino code was uploaded to test barrier operations and sensor responses.
iv. Real-time debugging was done using the Serial Monitor and visual observations.
Step 6: Evaluation and Troubleshooting
i. The system was tested repeatedly for consistency.
ii. Any false triggers from sensors were addressed by: Adjusting sensor alignment, adding debounce delays in the code, using software averaging for distance measurements.
Step 7: Documentation and Analysis
i. All findings and behaviors were documented.
ii. Observations confirmed that the system met its intended objectives.
iii. Identified areas for improvement (e.g., sensor sensitivity to light and sound interference).
Table 3.2. List of Materials Diagrams 
	Component Diagram 
	Specifications 
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	ATmega328P microcontroller board Arduino Uno 
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	HC-SRO4, range 2cm - 400cm Ultrasonic Sensors 
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	SG90 Micro Servo Motor
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	5mm, 2v LEDS (red and green) 
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	5v Piezoelectric Buzzer 
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	Male-to-Female jumper wires
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	830 - point Breadboard 
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	220Ω, 330Ω Resistors
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	9v battery or 5v USB adapter power supply 
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	Laptop with Arduino IDE for programming and simulation 










Fig. 3.1. An Automated Railway Level Crossing System using Sensors to Detect Train Movement 
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CHAPTER FOUR

RESULTS AND DISCUSSION
This section presents the experimental results and analysis from both the physical prototype and the simulation of the Automated Railway Level Crossing System. The results are organized around the major functions of the system: train detection, barrier gate operation, traffic signal control, and system responsiveness.

4.1 Summary of Key Functional Results
	Tested Function
	Expected Behavior 
	Observed Behavior 
	Remarks

	Train detection (approach) 
	Detect train within 20–30 cm distance
	Detected accurately at an average of 25 cm
	Working as expected

	Barrier Closure (Servo Motor)
	Close within 2 seconds after detection
	Average delay: 1.85 seconds
	Prompt and smooth transition

	Traffic Signal (LEDs)
	Switch from green to red upon train detection
	Instant transition (<0.5 sec)
	Properly synchronized

	Audible Alert (Buzzer)
	Buzzer should sound when train is detected
	Loud, consistent buzz until train exits
	Alert functionality confirmed

	Train Departure Detection
	Detect exiting train within 20–30 cm
	Detected at average of 24.5 cm
	Departure successfully tracked

	Barrier Re-opening
	Reopen barrier within 2 seconds after train exits
	Average re-opening delay: 1.9 seconds
	Normal operation resumed

	Return to Idle State
	Green light comes back ON, buzzer OFF, barrier raised
	System reset successfully after each cycle
	Stable performance




4.2 System Operation Breakdown
A. Train Detection Performance
The ultrasonic sensors (HC-SR04) provided accurate and consistent measurements, both in real-world testing and during simulation. The following table summarizes the sensor detection accuracy:
	Test Cycle
	Approach Sensor Reading (cm)
	Departure Sensor Reading (cm)

	1
	26
	24

	2
	24
	23

	3
	25
	25

	4
	27
	26

	5
	25
	24

	Average 
	25.4
	24.4


Sensor readings fluctuated slightly within the 2–3 cm range, which is acceptable for proximity detection. The system reliably identified train presence and departure with a response time of less than 300 milliseconds after detection.
B. Barrier Gate and Servo Motor Response
The servo motors operated using PWM signals to change positions between 0° (closed) and 90° (open). The average time from detection to complete barrier motion is shown below:
	Barrier Operation 
	Target time 
	Average Observed Time
	Result 

	Closure
	≤ 2 seconds
	1.85 seconds
	✔ Within standard

	Opening 
	≤ 2 seconds
	1.9 seconds
	✔ Within standard


C. Traffic Signal and Buzzer Synchronization
Traffic lights and the buzzer were activated simultaneously with the servo during train detection. The control logic implemented ensured proper synchronization.
	System State
	LED Status
	Buzzer
	Barrier Gate 

	No Train
	Green ON
	OFF
	Open (90°)

	Train Approaching 
	Red ON
	ON
	Closing (to 0°)

	Train Passing 
	Red ON
	ON
	Closed (0°)

	Train Departed
	Green ON
	OFF
	Opening (to 90°)



4.3. Achievement of Objectives 
	Objectives 
	Achievement 

	Simulate an automatic railway crossing system using Arduino
	Successfully simulated in Tinkercad and implemented on breadboard

	Detect approaching and departing trains using ultrasonic sensors
	Reliable detection confirmed by multiple test cycles

	Automatically operate barrier gates and traffic signals
	Smooth servo control and LED/buzzer activation observed

	Improve railway crossing safety and reduce human error
	Automation ensures consistent operation, removing the risk of human failure


4.4. Observations and Limitations 
Despite the system's reliability in a controlled environment, the following limitations were observed:
i. Short Sensor Range: Detection is effective only within limited range (2–4 m in real implementation), which may not be sufficient for high-speed trains.
ii. Environmental Interference: Ultrasonic sensors may be affected by temperature or surface reflectivity.
iii. Power Dependence: The prototype requires an uninterrupted 5V–9V power supply; fluctuations can cause erratic behavior.
iv. Scale Limitation: Model-scale simulation differs from full-scale real-world dynamics (e.g., train speed, gate size).
4.5 Recommendations for Enhancement
i. Use long-range LiDAR or IR sensors for better outdoor performance.
ii. Integrate solar power and backup batteries for rural installations.
iii. Introduce wireless/GSM modules to alert central control units of faults or unusual activity.
iv. Add camera-based object detection using Raspberry Pi or AI modules for future scalability.


CHAPTER FIVE

Conclusion and Recommendations 
5.1. Conclusion 
The automated railway level crossing system is an effective and best solution to the problems that occurs in conventional systems. This system minimizes the risks involved which occurs at intersections and reduces waiting time of high-speed rail crossings. As this the system does not require any human resources, allowing it to function effectively in diverse locations without needing direct human supervision. 
With the help of existing IoT technologies, a novel system is designed by integrating machine learning and image processing technologies to avoid level crossing accidents. Hence, the system is tested with many test cases and confirmed that it gives around 70% accuracy with the available dataset. 
 Finally, we will conclude that the proposed system will have high, reliability performance and lower cost compared to existing ones currently in use.
5.2. Recommendations 
· Regular maintenance and inspection of the system's components to ensure optimal performance should be recommended. 
· The system should be integrated with existing railway infrastructure to ensure seamless operation.
· Public awareness and education programs should be implemented to inform users about the system's benefits and safe usage.
· The system should be designed with future upgrades and technological advancements in mind.
· Implementation should prioritize high-risk railway crossings to maximize safety benefits. 
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